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ABSTRACT
Exact static, spherically symmetric solutions to the Einstein-Maxwell-scalar equations, with a
dilatonic-type scalar-vector coupling, in D-dimensional gravity with a chain of n Ricci-at in-
ternal spaces are considered, with the Maxwell eld potential having two nonzero components: the
temporal, Coulomb-like one and the one pointing to one of the extra dimensions. The properties
and special cases of the solutions are discussed, in particular, those when there are horizons in the
space-time. Two types of horizons are distinguished: the conventional black-hole (BH) ones and
those at which the physical section of the space-time changes its signature (the latter are called
T-horizons). Two theorems are proved, one xing the BH- and T-horizon existence conditions,
the other claiming that the system under study cannot have a regular center. The stability of
a selected family of solutions under spherically symmetric perturbations is studied. It is shown




If we recognize the highly probable reality of extra dimensions as suggested by modern unication
theories (e.g., [19]), tracing back to the famous works of Kaluza and Klein [26, 27], it is natural
to seek their visible manifestations in our 4-dimensional physics. Such predictions do exist in
many works and include possible fundamental constant instabilities [29], modied properties of the
gravitational and electromagnetic elds [10] and the appearance of new peculiar objects (maybe
possible dark matter candidates [41]).
Here we discuss a potentially observable eect able to appear only in multidimensional theory,
namely, possible space-time signature changes. This happens when a horizon appears not in the
two-dimensional subspace (t; u) where t is the time coordinate and u a spatial one, belonging
to the conventional physical space, but in a subspace (u; v) where v belongs to one of the extra
dimensions. The coordinates u and t are both time-like beyond such a horizon. Such space-time
domains, called T-holes, do exist in some spherically symmetric solutions of the multidimensional
Einstein equations which describe gravity with reasonable accuracy in the low-energy limit of the
known string and supergravity theories. Moreover, as we shall see, T-holes appear as solutions
to multidimensional eld equations as frequently as do black holes (BH's), therefore their possible
observability and relevance for the physics of the early Universe and superdense astrophysical
objects is worth studying.
To the author's knowledge, the only space-time signature changes considered to-date at the
classical level (see [24, 42] and references therein) are transitions between Euclidean and Loretzian
domains, mainly in connection with models of the \birth of the Universe from nothing"
We will consider exact static, spherically symmetric solutions to the Einstein-Maxwell-scalar
equations, with a dilatonic type coupling between the scalar and vector elds, in D-dimensional
gravity with a chain of n Ricci-at internal spaces and an arbitrary dimension of coordinate spheres
(the group of spatial motions is O(d + 2)), in the spirit of Tangherlini's generalization of the
Schwarzschild metric [37].























for the set of interacting elds of the type that arises in the eld limit of superstring theories.
Here g
MN
is the D-dimensional metric,
D
g =j det g
MN


















(a = 1; 2; : : :) being Abelian gauge elds of which one is
to be interpreted as the electromagnetic eld. As pointed out in [31], an electromagnetic eld
introduced in the multidimensional action may seem less aesthetic than a purely gravitational
(Einstein) action frequently considered in Kaluza-Klein theories but it appears that elementary





, the Coulomb-like one, for which the vector potential is t-directed, andW
2
pointing
to one of the extra dimensions.
The eld-theoretic limit of string theory corresponds to the specic value of the coupling con-
stant  = 
string
= (D   2)
 1=2
[19, 32].
The eld equations are written down in Sect. 2 and solved in Sect. 3. We come through




are nontrivial, the eld equations are explicitly
integrable if and only if 
2
= 1=(D   2), i.e., exactly for the dilaton coupling which follows from
string theory.
In Sect. 4 special cases are discussed, with references to the results obtained earlier and appro-
priate coordinate transformations. In Section 5 we indicate the special cases when the solutions
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are nonzero, then no horizons are possible, whatever the coupling  is. Another theorem
is also proved, that the system under study cannot have a regular center.
Sects. 6 and 7 discuss dierent conformal gauges in D and 4 dimensions, respectively. The
point is that if the underlying theory is string theory, then a more fundamental role is played by








from 1 (see, e.g., [32, 1]




may be treated as
a change of variables simplifying the eld equations, such issues as the nature of singularities (if
any) and topology are better to discuss in terms of g^
AB
. (Strictly speaking, this argument does not
apply to  6= 
string
when the underlying more fundamental theory is not denitely xed).
On the other hand, the observable eects in 4 dimensions depend on how nongravitational
matter interacts with the metric and dilaton elds and are described in dierent ways in dierent
\conformal gauges", or systems of measurement, which are discussed in Sect. 7. It should be
stressed that such things as horizons and signatures are the same in all the relevant conformal
gauges since the conformal factors connecting them are regular at the horizons.
Section 8 is dedicated to a stability investigation under monopole perturbations preserving
spherical symmetry. It is found, in agreement with the previous results, that only BH solutions are
stable under such perturbations, while all others, in particular, those with T-horizons, are unstable.
Section 9 contains some concluding remarks.
Throughout the paper capital Latin indices range from 0 to D  1, Greek ones from 0 to d+ 2
and the index i enumerates subspaces.
2. Field equations

























































































plays the role of the conventional space-time and M
i
are Ricci-at
manifolds of arbitrary dimensions and signatures with the line elements ds
2
i
, i = 1;    ; n. We seek
solutions of the eld equations such thatM
(3+d)
























is the line element on a unit (d+1)-dimensional sphere S
d+1




of the internal spaces M
i













































the Ricci tensor components R
N
M







































































The elds ' and F compatible with the assumed symmetry include ' = '(u), a component
of W
a
in the t direction (the Coulomb electric eld, W
1
= U(u)dt), similar components in some
internal one-dimensional subspaces (if any), so that W
2
= W (u)dv, etc. (v is the corresponding







is the magnetic charge,  and  are the conventional spherical coordinates.
In D dimensions a magnetic charge is not included into the solution in such a simple way as it
is for D = 4, especially when  = 0. This wiil be the subject of a subsequent paper; here we would











































Here q is the ordinary electric charge and q
0




Now the scalar eld equation and some linear combinations of the metric eld equations may


























































































where we have denoted
! =    ';  =    '; N = D   3: (18)
Eq.(17) is the (
u
u
) component of the Einstein equations and represents a rst integral of (12-16).
3
3. Exact static solutions
Eqs.(15,16) are easily integrated to give

i




= const; i = 2; : : : ; n; (19)
e
 
= d  s(k; u); k = const (20)









sinh cx; c > 0;
x; c = 0;
c
 1
sin cx; c < 0
(21)
and inessential integration constants have been eliminated by shifting the origin of u and rescaling
the coordinates in the subspaces M
i




By our choice of the origin of u, with no loss of generality it can be asserted that the harmonic u
coordinate is dened for u > 0 and u = 0 corresponds to spatial innity. By (20), at the asymptotic
u ! 1 the conventional at-space (hyper)spherical radial coordinate r = e

is connected with u
by d  u = 1=r
d
.
From the remaining equations (12{14) the eld 'may be expressed in terms of the combinations
(18) which obey the equations
(N + 1)!
00






































(N + 1). This set of equations may be integrated in the following three cases:















= 1, or 
2
= 1=(N + 1), the special choice of the coupling constant, exactly the one corre-
sponding to the strings.
Solution A [2, 5, 10]
Eqs. (12,13) and (22) yield

i




= const; i = 1; : : : ; n; (24)
' = Cu=A   2N
+
!; (25)
 = (! + Cu)=A; (26)
e
 !




= const; Qs(h; u
1
) = 1 (27)
where h and C are integration constants; other constants are dened by
A = 1 + 
2








= (N + 1)=(2AN): (28)
The last condition from (27) is the requirement that  = 0 at innity, i.e., dt is a time interval
measured by a distant observer at rest with respect to our static conguration. It should be noted
that   
1



















































where  is determined by (26), the elds ' and F by (25) and (11) with q
0



































This is exactly the solution obtained in [2] and, for d = 1, in [5].
Solution B
The solution can be found by proper substitutions in that of Case A due to the symmetry
























































' = Cu=A   2N
+
 ; (32)




































; k and u
2
are constrained by the























































































(N + 1)' = C
0
u  !    ; (38)
(N + 1) = C
0
u+N!    ; (39)
(N + 1) = C
0







=(N   1)]u  !    ; (41)









































































































The static, spherically-symmetric solutions have in general (n + 4) essential integration con-
stants: the scalar charge C or C
0
, the \electric" charges q and q
0





, and also h and k; these (n+ 5) constants are connected by (30) or (43). In Cases A and B
one of the charges q or q
0
is zero and the number of independent constants is n+ 3.
4. Special cases
Let us point out some special cases of the solutions.
(a) The gauge eld F is eliminated when q = q
0
= 0. Then from either of the solutions A, B, C the







































































































. If all h
i
= 0, the 4-dimensional part of the solution (assuming d = 1)
coincides with that known for a minimally coupled scalar eld in general relativity [15],
though in other notation. Furthermore, if C = 0, the Schwarzschild solution is recovered.
The original Tangherlini solution [37] corresponds to the special case C = 0; n = 0, i.e.,
when there is no scalar eld and no internal spaces, so that D = d + 3; N = d. Peculiar
features of the solution (45) with C = 0 and many temporal coordinates are discussed in [25].
Multitemporal space-times were earlier discussed, in particular, by A.D.Sakharov [35]
The scalar eld in (45) aects the metric only through the constant C in the relation among
the constants.
The space-time (45) has a horizon at r = 2k only in the simplest case a   1 = a
i
= b = C = 0.




const) and with no scalar eld. (The latter result is well known in conventional general relativity
as one of the no-hair theorems: a massless, minimally coupled scalar eld is incompatible with an
event horizon). In this sense the generalized Schwarzschild-Tangherlini BH's may be called trivial.
6
(b) When  = 0, Solution A reduces to the generalized Reissner-Nordstrom-Tangherlini solution
for linear scalar and electromagnetic elds ([4] for d = 1); at d = 1; n = 0 it coincides with
the Penney solution [33] which in turn reduces to the Reissner-Nordstrom (RN) one when
the scalar eld is eliminated.
(c) The scalar eld is \switched o" when  = C = 0. Then for Solution A we arrive at a special
case of item (b) discussed in Ref.[14]. It again reduces to the RN solution when d = 1; n = 0.
A new feature implied by a nonzero electric charge as compared with item (a) is that the constants
k; h and (or) h
0
can have either sign and the function s(h; u+ u
1
) can be sinusoidal, which yields
u
max
< 1. Physically that means the appearance of a RN-like repelling singularity at the center
of the conguration.
(d) When in Case A extra dimensions are absent, we arrive at a solution for interacting scalar and
electromagnetic elds in (d+3)-dimensional general relativity; for d = 1 it was rst obtained
in Ref.[11].











), Solution A was obtained in [5].
(f) The case D = 5 (d = n = N
1
= 1) with no dilaton and gauge elds was considered in
Refs. [28, 12] and many subsequent papers; it also coincides with the Kaluza-Klein soliton
considered by Gross and Perry [20]. Similar solutions for D = 6 and D = 7 are presented in
[39]; see also references therein.
(g) There are special cases of Solutions A and B when the space-time exhibits horizons. They are
discussed in the next section.
5. Horizons: black holes and time holes
5.1. The behavior of the metric coecients for dierent combinations of integration constants is
rather various. However, calculations show that Solution A has a naked singularity at u = u
max
or
u =1 in all cases except
h
i
=  k=N ; h = k > 0; C =  k(N + 1)=N; (46)
when the sphere u =1 is a Schwarzschild-like event horizon: at nite radius r = e

of a coordinate
sphere the metric coecient g
tt
= 0 and the light travel time
R
exp(  )du diverges.
Although all the subsequent results may be formulated for arbitrary d (for groups of spatial
motions O(d+ 2)), in what follows we restrict ourselves to the physical case d = 1 in order not to














In the BH case (46) only two independent integration constants remain, say, k and Q, and the





































; F = F
1
Rt














This solution [5] extends the well-known dilatonic BH solution (see, e.g., [18, 16, 23]) to spaces of
the form (6). For the rst time it was obtained in 4 dimensions [11] where for  = 0 they reduce to
the RN solution. The solution is brought to more frequently used notations by the substitutions
R+ p = r; p = r
 





A certain combination of k and Q must be associated with the gravitating (Schwarzschild) mass
of the conguration. However, its particular form depends on the choice of the physical metric, to
be discussed in Sect. 7.
In this family of BH solutions a nonzero scalar dilaton eld exists solely due to the interaction
( 6= 0). When  = 0, i.e., the ' eld becomes minimally coupled, a horizon is compatible only
with ' =const. This conforms to the well-known \no-hair" theorems and the properties of the
general-relativistic scalar-vacuum and scalar-electrovacuum congurations.
5.2. The above BH solutions have counterparts among the Class B solutions. Namely, under the
same conditions (46) (where just h is replaced by h
0
) the sphere u = 1 is a horizon as well but































































The main feature of these congurations is that the physical space-timeM
4
changes its signature
at R = 2k: it is (+     ) at R > 2k and (+ +   ) at R < 2k. This evidently means that the
anomalous domains should contain quite new, unconventional physics whose possible consequences
and observational manifestations are yet to be studied. It is suggested to call these domains with
an unusual space-time signature time holes or T-holes and the corresponding horizons T-horizons.




simultaneously change. Moreover, if 
v
= 1, i.e.,
this compactied direction is timelike at big R, the overall signature of V
D
is preserved but in the
opposite case, 
v
=  1, it is changed by four: two spacelike directions become timelike. However, it
can be directly veried that a T-horizon is not a curvature singularity, either for the D-dimensional
metric or for its 4-dimensional section.
It might seem that time holes can appear only when there is a gauge eld pointing to an extra
dimension. However, putting q
0
= 0 in (49), we come to a direct analog of the Schwarzschild
solution (to be called T-Schwarzschild) which for D = 5 coincides with the zero dipole moment




























while both elds ' and F are zero.
It can be concluded that each BH conguration of any dimension has a family of time-hole
counterparts (a family since the subspaces V
i
may have dierent dimensions and signatures) and
vice versa. However, if a BH possesses an external eld, such as the Coulomb eld of a RN BH, its
T-hole analog has a eld modied by the t$ v interchange, as is the case with the above solutions:
the Coulomb-like eld becomes the one pointing in the v direction which from the 4-dimensional
viewpoint looks like a specic scalar eld interacting with the dilaton (see Sect. 7).
8
Unlike a BH horizon, a T-horizon is not in absolute past or future from a distant observer's





independently of a conformal gauge).
5.3. It can be directly veried that among the Class C solutions (36-43) there are no special cases
with horizons, either BH or T-hole ones. Moreover, one can prove that there are no solutions with
horizons in the more general case when exact analytic solutions are hard to obtain, namely, when
both charges q and q
0
are nonzero and the dilaton coupling constant  is arbitrary.
To do so let us adopt a convenient horizon denition for our static, spherically symmetric
congurations. Namely, we will call a BH-horizon (i.e., a conventional BH horizon) a sphere in
a space with the metric (8) where the metric functions  and 
i





Similarly, a T-horizon is a sphere where ; ; 
i





v parametrizes the one dimensional subspace V
1
, one of the internal subspaces. (The BH-horizon
denition would conform to the conventional notion of an event horizon in the (t; u) subspace if




du of a light signal approaching it be innite;
however, this condition is nowhere used in our argument.)
Theorem 1. The static, spherically symmetric eld system (1,6,8,11) has neither a BH-horizon,
nor a T-horizon if both q and q
0
are nonzero.
Proof. At our disposal are Eqs.(19-23) and the rst integral of Eqs. (22,23) for ! and  which



























































and the other variables are expressed in terms of ! and  :
' = (Cu  !    )=A
0





























u  ( + )=(N   1); h
i













= 1 + 2a
2
=(N   1) = 1 + 2
2

























) =  1. It is still possible that there is no extra dimension except V
1
parametrized
by v; however, then the nite  condition with h
i
= 0 would lead to the requirement s(k; u

) =1





=1. Then the nite 
i
condition implies that all h
i










On the other hand, the nite  and  conditions with (57) taken into account determine the
asymptotics of ! and  at u!1:
 =  bu+ O(1); b = C + ka
2
=(N   1);
! =  (b+ k)u+ O(1) (58)
where we must put k > 0 to obtain e

! 0.
Now substitute the asymptotics (58) to (51) with h
i
and C expressed in terms of b and k






since by (58)  
0
=  b+ o(1); !
0
=  (b+ k) + o(1).








tend to zero at u!1, which is possible only if b > 0. We arrive at a contradiction: the left-hand
side of (51) tends to a positive value (by (59)) while its right-hand side tends to zero.
The so far omitted case  = 0 is simple: from (58) we immediately obtain b = 0 which is, as
before, incompatible with e
 




There is still one more possibility, namely, that the map with the coordinate u is incomplete in
the present static frame of reference. This may happen if u = 1 is a regular surface and another
coordinate must be used to penetrate beyond it, where anything may be found, including a horizon.
However, this possibility is not realized in our system. Indeed, assume that ; 
i
;  and  are
nite at u = 1. Then by (55) all h
i
= 0, hence B
0
= 0 and from (56) it follows that s(k; u) must
have a nite limit at u!1, contrary to the denition (21) of s(k; u).
Thus a BH-horizon is inconsistent with q and q
0
being simultaneously nonzero. The same is
true for a T-horizon as well since our equations are symmetric with respect to the functions  and
. (The only asymmetry, the possibility of 
v
=  1, is insignicant for the above argument). The
theorem is proved. 
6. String metric
Let us briey discuss the properties of Solutions A, B, C from Sect. 3. As pointed out in the




N + 1 it is more adequate to study the eld behavior








rather than the \Einstein metric" g
MN
which is most convenient for solving the equations. For






























where symbols with hats denote quantities obtained with or corresponding to g^
MN
.
Nevertheless, we will discuss only the case  = 
string
for which the metric g^
MN
is manifestly
meaningful. Moreover, as we saw in Sect. 3,  = 
string
is the condition under which Solution C
exists.
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Noteworthy the metric g^
MN






























































The metric behaves in a unique way if h < 0 and/or u
1
< 0 when 0 < u < u
max
< 1 (u = 0 is
the spatial innity), u
max
being the smallest positive zero of the function s(h; u+ u
1
). Namely, the




!1, forming a repelling RN-type
singularity (notably such a behavior is possible only provided q 6= 0). All other g^
MN
are nite and
smooth everywhere, including the sphere u = u
max
, whereas the elds ' and F are singular. Unlike
the RN solution and its scalar-eld counterpart in 4 dimensions, as well as the Einstein metric (29),
here the singularity occurs at a sphere of nite radius.
If h  0; u
1
> 0, then k  0 as well and the solution is dened for all u > 0. In the limit




























Thus only the behavior of g^
tt
is unambiguous, that of the other g^
MN





, for instance, g^
22
and /or some g^
ii
may tend to innity. However, if we




be nite at u ! 1, we immediately arrive at the conditins (46)
giving the BH solution.

































= (1 + p=R)
 2=(N+1)
(66)
Noteworthy, in this string BH metric all extra dierents are \frozen" and exert no inuence on the
4-dimensional physics.
The 4-dimensional version of (47) has been recently widely discussed ([16, 18, 1], etc.). However,
results of greater interest have been obtained with the magnetic-eld version of (47) for which (in
the case D = 4) the metric is the same but the eld ' is replaced by ' =  '. So the conformal





























the limit r ! r
+
corresponds to an innitely long regular tube
(\horn"). Such extreme dilatonic BH's (actually not BH's since there is no horizon in this case)
are considered as the possible nal state of BH evaporation [1].
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Solution B
The conformal factor has the same form (66) although p can now have either sign. The general



































































The metric behavior is analysed similarly to Solution A. In particular, for h
0
< 0 and/or u
1
< 0




and the elds '; F are
singular at the sphere of nite redius u = u
max
.
Although the 4-metric is regular at the surface u = u
max
, one can hardly imagine that matter
or eld can safely cross it since a singularity must show itself in some way, such as runaway particle
production or classical instability, as described in Sect. 8.
In the T-hole case, realized under the conditions (46) (h! h
0






























The eld ' is determined from (66) and F from (49).
If 
v
= 1, the surface R = 2k is a Schwarzschild-like horizon in the (R; v) subspace. However,
if some points on the v axis are identied, as should be done to compactify V
1
in the conventional
way, then the corresponding sectors are cut out in the Kruskal picture, so that the T -domain and
R-domain sectors join each other only in a single point, namely, the horizon intersection point.
A similar thing happens if 
v
=  1. Thus, in the domain R > 2k the compactied spatial
coordinate v is naturally described as an angular one (0  v < 2l, where v = 0 and v = 2l
are identied and l is the compactication radius at the asymptotic R ! 1). Then R = 2k
is just the center of symmetry in the (R; v) subspace; the latter has the shape of a tube having
a constant thickness at R ! 1, becoming narrower at smaller R and and ending at R = 2k
either smoothly (if the regular center condition l = 2(2k + p) is satised), or with a top-of-a-cone
singularity (otherwise). This suggests that there is no way to go beyond r 2k. On the other hand,
it is unclear why an inhabitant of the physical space moving along the radius should turn back at
the regular sphere R = 2k as if reected from a wall.
From the mathematical standpoint, this ambiguity may be resolved by just postulating that or
other manifold structure underlying the metric. However, it would be better to physically justify
such a postulate. The stability study of Sect. 8 may be treated as an attempt to nd such a
justication.
Solution C
The above conformal mapping with ' from (38), applied to the metric (42) with d = 1 under


























































are determined by the corre-
sponding formulas in (63) and (69).
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From (43) (with d = 1), it is not hard to conclude that if k < 0, then at least one of the
constants h or h
0
is \more negative" than k: jhj (or jh
0
j)  jkj. Therefore, in all cases when
0 < u < u
max
< 1 the quantity u
max











, or both tend to innity, while other g^
MN
remain regular (a modied RN singularity).
If u
max
= 1, the metric behavior is diverse, depending on the interplay of the integration
constants. It seems unreasonable to enumerate all the possibilities. The most signicant conclusion
is that there is a naked singularity in all cases; horizons are absent according to Theorem 1.
For the case of arbitrary , when exact solutions are hard to obtain, another general statement
can be proved in addition to Theorem 1:
Theorem 2. The eld system (1, 6,8) cannot form a static, spherically symmetric conguration
with a regular center.
A proof makes use of the same set of equations as that of Theorem 1 and a similar type of
argument. 
Remark. The regular center conditions include the regularity requirements for g
MN
and '.
Consequently, as is easily shown, the statement of Theorem 2 is valid as well for the string metric
g^
MN
and all other conformal gauges connected with g
MN
by factors of the form exp(const '). The
same is true for Theorem 1 if the (natural) additional requirement is adopted that ' should be
nite at a horizon.
Regular spherical conguration with no center at all, like wormholes or \cornucopions" [1] are
certainly not excluded, as seen from the above consideration.
7. D-dimensional solutions from the 4-dimensional viewpoint
A 4-dimensional version of (1) is obtained by integrating out the extra-dimension coordinates, so














































where Greek indices run over the values 0, 1, 2, 3,
4









































is the electromagnetic eld and F
2
forms a new scalar eld W (x

), both coupled
to ' and all 
i
. The eld W is minimally coupled to g

and the sign of its kinetic term depends
on 
v
: it is normal if v is spacelike and anomalous if v is timelike.
The action (72) corresponds to the D-Einstein conformal gauge. The 4-dimensional Einstein
gauge with the metric g

is obtained by the conformal mapping similar to that used by Dicke [13]

























































where indices are raised and lowered using g

.
The actions (1) and (74) are equally convenient for solving the eld equations due to the
constant eective gravitational coupling. Noteworthy that the coordinate u as introduced in (9) is
harmonic with respect to both the D-dimensional metric g
MN





















thus corresponds to the so-called gravitational system of measurement [13, 36].
However, real space-time measurements, such as solar-system experiments, rest on the constancy of
atomic quantities (the atomic system of measurements). Thus, the modern denition of reference
length is connected with a certain spectral line, determined essentially by the Rydberg constant
and ultimately by the electron and nucleon masses. Therefore observational properties of various
theoretical models, like multidimensional congurations, are most reasonably described in a con-
formal gauge where masses of bodies of nongravitational matter, such as atomic particles, do not
change from point to point.
In other words, in the gauge to be selected (to be denoted g


) the nongravitational matter
Lagrangian L
m




depends on how L
m
appears in the original action, that is, how matter is coupled to
the metric and dilaton elds in the underlying fundamental theory.
In [19], where the eective eld-theoretic limit of string theory in 10 dimensions is given in a
form similar to (1) (Eq. (13.1.49)) some quadratic fermion terms do not contain the dilaton eld.
If those terms are associated with matter, then in our simplied model it is reasonable to write
L
m
just as an additional term in the brackets of Eq. (1).Then, passing over to the 4-dimensional

































be obtained if we wrote the action for a point particle moving in D dimensions in the conventional
form  
R
mds and required that in the 4-dimensional metric g


it move along geodesics [30].
The notion of active gravitating mass of an isolated object in a space with the structure (6) is
to be also introduced with the aid of g


, by comparing g

tt
far from the source with the expression









































( being the polar angle in the spherical coordinate system) and u
1
is
the value of u where r! 1 and 

! 0.
Specically, for dilatonic BH's (47)
















For other solutions M can be easily found as well using (75) and (76).
Eq. (77) generalizes the corresponding relation for dilatonic BH's in 4 dimensions (D = 4; N =
1). For instance (see also (48)), extreme BH's, those with the greatest charge for given mass or the
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smallest mass for given charge correspond to k = 0; at N = 1 this happens for GM = jQj=(1+a
2
).
At k! 0 the horizon is squeezed to a point (the center) and becomes a singularity.
Similarly to the RN case, at greater charges for given mass naked singularities exist.
As for T-holes, Eq. (78) shows that these objects in our model may have negative gravitational
masses, i.e., be felt by test particles as repellers. That happens if 
v
= +1 for large Q
0
(see (49).
In conformal gauges other than (75) test particle trajectories x
j
(t) (j = 1; 2; 3) are certianly the
same but they are no longer geodesics: particles move under joint action of the metric and scalar
elds, just like the situation discussed by Dicke [13].
8. Stability analysis
The stability of Solution A under small perturbations preserving spherical symmetry was studied
in Refs. [2, 6, 10]. The system with two dynamic degrees of freedom (the dilaton eld and a
single extra-dimension scale factor) was considered and three cases when the perturbation equa-
tions decouple were studied in detail. It was concluded that solutions with naked singularities are
catastrophically unstable, while the BH ones are stable. These results generalized the earlier ones
from [8] and [9] where the instability of static scalar-(electro)vacuum congurations in conventional
general relativity was established, in particular, of BH's with scalar charge.
Our main interest here is to determine the properties of T-holes, therefore let us study a special
case of Solution B with D = 5 (N = 2), so that there are 3 dynamic degrees of freedom, connected
with ';  and the gauge-eld component W .
























where ; ; ; , as well as ' and the gauge eld potential W dier from those in the static Solution
B of Sect. 3 only by small (linear) deections depending on u and t
; ; ; ; '; W (80)
The perturbation problem is easier to consider in the 4-dimensional Einstein conformal gauge
(73,74) where in our case  = 
1
=  and F
1
= 0.
The next step is to choose the frame of reference and the coordinates in the perturbed space-
time. This choice may be carried out by prescribing certain relations among the perturbations.
Following [8], we would like to choose the so-called central frame of reference, that where coordinate
spheres of xed radii are at rest, and the radial coordinate such that the numerical values of these
radii are the same as those in the static background conguration with the metric g

. Thus we
postulate   0 where   ln jg

j = 2 + .

























































































, respectively, where the coordinate
u is harmonic in the static background solution in both metrics g

( = 2 +  + ) and g

( = + ); in the perturbed solution u is no longer harmonic.
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The eld equations and the energy-momentum tensor components corresponding to ; ' andW
are found directly from (74). Singling out the perturbations and taking into account the equations
for the background static solution, one obtains the following coupled linear wave equations for














































;  =     and all coecients by the perturbations are






















Here  is in turn expressed in terms of the dynamic variables by integrating the mixed (ut)











W + F (u) (86)
where F is an arbitrary function. Rejecting the static perturbations, i.e., putting F  0, and




valid for the static solution, we obtain the expression to be



















Our static system is unstable if there exist physically allowed solutions to the wave equations
growing at t!1. A separate problem is to dene which solutions should be accepted as physically
allowed ones. Let us join the approach of [8] and require
 ! 0; '! 0; W ! 0 for u! 0 (88)
at spatial innity r!1 and
j = j<1; j '=' j<1; j W=W j<1 (89)
at singularities and horizons. These requirements may be called minimal since they just provide
the validity of linear perturbation theory over the whole space-time, including the neiborhood of
the singularities. (If some more restrictive boundary conditions can be physically grounded, our
instability conclusions must be revised.) In addition, we ought to forbid energy uxes to our
system from outside; however, similarly to [8], that would lead to just a constraint on the signs of
the integration constants without aecting any of the further conclusions.
The wave equations are rather complicated: it seems hard not only to solve but even to decouple
them in the general case. Therefore let us consider here only the simplest case q
0
= 0, the purely
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0







































































































=2. These are the expressions for V
j
in terms of the harmonic coordinate u;





























dR behaves like R at large R and tends to either  1 (for c = 1,
the BH case), or to a nite value, say, 0 (otherwise).






> 0 at R > 2k. The boundary conditions (88,89) correspond to
those conventional in quantum mechanics and thus the positiveness of V
j





< 0 are absent. Consequently, multidimensional BHs are stable under linear monopole
perturbations.











(1 + o(1)): (96)








have a negative pole at
x = 0 and tend to zero at x!1.
The variableW is absent in the background conguration, as is ' in special cases of it. Therefore
one should require jW j < 1 and j'j < 1 at x ! 0. However, there is no reason to require













x ln x) <1 at x! 0: (98)



































. Therefore the solutions y
j
(x) chosen
on the basis of (88), i.e., the ones with C
2j
= 0, are admissible and realize the instability of our
static system.
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In other words, in the potential well corresponding to the naked singularity there exist arbitrarily
low \energy levels" for the perturbations. Thus the system is unstable and the instability is of a
catastrophic nature since the increment j
j has no upper bound.
The T-hole case (c = 1=2) is here not distinguished among the singular congurations corre-
sponding to other values of c. So the instability conclusion is valid for T-holes on equal grounds
with them.
The general conclusion is that all the above congurations, except BH's, are unstable.
The results of this section conrm those of Refs. [2, 6, 10] on the stability of BH's and the
instability of other (singular) congurations. In some respects the cited results are extended here,
since previously there have been no stability study of (90) with ' 6= 0 and no study of perturbations
in the form of the gauge eld W .
9. Concluding remarks
9.1. Having considered a large variety of spherically symmetric solutions for our eld system,
forming (n + 3)- and even (n + 4)-parameter families, we nevertheless have to conclude, by the
stability criterion, that just the BH family with only two free parameters, to be identied with
mass and charge, and two input constants, the space-time dimension and the dilatonic coupling
constant, can be called realistic. This explains why, for instance, the possibility of a nonzero
gauge eld component in an extra dimension can be ignored, etc., and extends our previous results
[2, 6, 10].
9.2. We have seen that T-holes, the possible windows to space-time domains with unusual physics,
appear as solutions to multidimensional eld equations as frequently as do BH's.
As in the present state of the Universe extra dimensions are generally beleived to be compactied
to a very small size, it is hard to imagine how T-holes might now form from ordinary matter.
However, in the early Universe where all dimensions could be equally relevant, T-holes could form
on equal grounds with primordial BH's and consequently their relics might play a certain role at the
present stage, e.g., be one of the forms of dark matter. However, such a possibility is questionable
due to the instability of these objects.
Multidimensional objects as possibly forming dark matter were recently discussed by Wesson
[41] who suggested such a possibility for purely vacuum 5-dimensional \solitons" [12] coinciding





= 1. We have shown that the solutions considered by Wesson are strongly unstable
under monopole perturbations, therefore his particular example of multidimensional dark matter
candidate looks unlucky.
9.3. Only uncharged (q
0
= 0) T-holes have been explicitly shown to be unstable. However, very
probably it is the case for charged ones as well, since perturbations near a T-horizon behave just
as they do near a singularity, while all singular solutions studied so far [2, 6, 10] turned out to
be unstable. Nevertheless, T-hole solutions in other eld models, which exist for sure, may in
principle turn out to be stable, although, on the other hand, it may happen that there is a kind of
\censorship" like Hawking's chronology protection conjecture [21], conrmed, in particular, by the
instability of Cauchy horizons.
9.4. Certain diculties in the T-hole description arise due to the compactication of extra dimen-
sions. However, the latter may be invisible to 3-dimensional observers for a reason other than their
small size, such as, e.g., the behavior of eld potentials, as discussed in Ref. [34] (we may live
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within a 3-dimensional \membrane" at the bottom of a potential \trench" in a multidimensional
world). A possible T-hole existence in such models may be a subject of interest for further study.
9.5. As seen from Sect.6, there is a signicant dierence between electrically and magnetically
charged congurations in the presence of a dilaton eld and/or extra dimensions, unlike conven-
tional general relativity. The RN metric describes on equal grounds electrically, magnetically and
dually charged BH's (dyons). In our case, with ' 6= 0, the 4-dimensional metrics for electric and
magnetic charges coincide in the Einstein conformal gauge but are dierent in the string gauge.
An electric charge is compatible with any hyperspherical (O(d+ 2)) symmetry of the space-time,
whereas a magnetic charge (at least, dened in the conventional way) can exist only within the
ordinary spherical (O(3)) symmetry. In the general multidimensional case the dierence is still
more signicant.
In a subsequent paper (in preparation) it will be shown that static solutions of magnetic
monopole and dyon types (the latter if  = 
string
) can be obtained for our system (1) in the
general case (6); although the solution procedure is essentially the same as here, the results are
dierent.
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